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[57] ABSTRACT 

A device for sa fe removal of ab normal deposits, primar- 
ily in theJium^3iaay>JWhetc^diTferei^^ pi^op =" 
er ties provide for fractu rcof hard}i5iEleni(*il^ 
preserving soft tissue. tHe^e^icg^iiiclfldes-a-rotating 
cutting tool having spirally shaped cutting flutes having 
hardness-differential cutting properties. The tool is 
driven from outside the body by means of a flexible 
drive shaft at greater than 2000 revolutions per minute. 
A channel is incorporated in the. drive shaft for adding 
or removing chemical matter from the internal body 
space to provide systematic removal of cutting debris 
from abnormal deposits. The cutting tool has fluid ports 
which communicate with the drive shaft channel. The 
fluid ports may be at the nose of the tool as well as 
around its cicumference. In the latter instance, the ports 
extend from in front of a cutting flute into a center 
cavity with a circumferential component so that rota- 
tion tends to force blood into= these ports. External mass 
transfer machines aid in injecting or withdrawing mate- 
rial, such as cutting debris. Auxiliary instrumentation, 
such as fluoroscopy and pressure measuring apparatus, 
are helpful in the clinical procedure. Multiple opera- 
tional cycles are easily implemented to gradually dissect 
the deposit while periodically reestablishing physiolog- 
ical viability, such as blood flow in vessels. 

32 aaims, 7 Drawing Figures 
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cooling by circulating water, could easily result in 
METHOD AND APPARATUS FOR REMOVAL OF transmural vessel necrosis by lateral heat conduction. 
ENCLOSED ABNORMAL DEPOStlS Attempts have been made to insert a cutting device 

mtp a vessel to remove stenosis. However, the cutting 
DESCRIPTION 5 structures used for this purpose appear to be ineffective 

L Technical Field . rapidly cutting the stenosis without damaging the 

This invention relates to. relatively noninvasive sur- relatively soft wall of the vessel. For example, U.S. Pat. 
gery and, more particularly, to a mechanical instrument No. 4,273,128 discloses a cutting device utilizing a pair 
for cutting hard abnormal deposits while preserving of knife blades bowed outwardly from opposite sides of 
soft normal tissue. *° a drive shaft behmd a forwardly projecting tip. Th 

2. Background Art structure disclosed therein would inherently cut any 

Impairment of circulation of blood by intraarterial vessel with which it came in contact. Further, while the 
deposits of atherosclerotic plaque (or thrombi) is a tip would tend to protect the vessel by spacing the 
major cause of cardiovascular disease. Obstruction of blades away from the vessel, this would also prevent the 
coronary arteries can lead to tissue death because of ^' device from removing substantially all of the stenosis, 
oxygen deprivation of heart muscle. Coronary infarc- u.S. Pat, No. 4,020,847 discloses a cutting catheter in 
tion (heart attack) is the result. Reduced blood transport which a blunt-ended cylindrical, member has formed 
in the carotid artery because of obstructive plaque can therein an elongated cutting slot, The primary disad- 
lead to transient ischemic attack (TIA) or stroke. ^ vantages of this structure is its apparent inaability to 
Plaque-induced stenosis of other m^or arteries can ^^^^^^^ ^ stenosis which does not have a relatively 
result in impairment of peripheral organ function. Sur- ^^^^ projection that is capable of fitting into or enter- 
gical bypass operations wherem the obstructed artenes . ^^^^ ^j^^ Utilizing a longer cylindrical mem- 
are subtended by patient autografted vessels have be- ^^^^ . ^ ^ ^^^^ ^1^^ degrades 
come popular m recent years. Sur^caMy invasive end- - ^ be threaded through small, 
arterectomy has also been used with lmutedsucc«^^ 25 ^^^^^ ^^3 i„^„3Hty, the primary teaching^ 
'^!nLfeSl^^^^^ devices which can be Patent is that a steno^s can only be cut^safely if U.e 
passed safely into the human vascular network to re- cuttmgcdgeiswithm the confines of a protective struc- 
move plaque deposits. No significant damage should such as the tube ...^oc. 
occur to the healthy endothelial lining of the surround- 30 U.S. Pat. Nos. 3,730,185 and 3,811 446 disclose ca- 
ing vessel. One devide that attempts to fulfill this need theter-mounted cuttmg devices which are adapted to 
is the inflatable balloon that is passed to the stenotic remove the inner linmg of a vessel along with the at- 
region of the affected artery and insufflated with fluid tached stenosis. Thus, these devices are specifically 
to pressures of approximately 5 atmospheres. Some adapted to be incapable of removing a stenosis without 
success has been claimed for this technique. Its applica- 33 cutting into the vessel wall. 

tion is limted in that nonconcentric plaque formations U.S. Pat. No. 4,030,503 discloses various catheter- 
are relatively immune to expansion since the compliant mounted helical structures that are screwed into a ste- 
wall of the vessel provides volumetric relief to the ex- • nosis in the same manner that a corkscrew is torqued 
panding balloon. Because circulation is grossly im- into a cork. The catheter is then pulled out, thereby 
paired, balloon inflation/deflation must occur in a mat- 40 theoretically removing the stenosis in the same manner 
ter of seconds to avoid infarction. For relief of partial that a cork is removed from a bottle, 
coronary artery obstruction, balloon angioplasty has U.S. Pat. No..3,565,062 discloses a structure for ultra- 
been performed with the catheter inserted in either the sonically removing a stenosis from a vessel, 
brachial artery or the femoral artery (Grunzig tecli- y Pat. No. 4,203,444 discloses a knee surgery cut- 
nique). Several deficiencies are present with this 45 ^| which a semicylindrical blade is mounted at 
method. They are: the end of a rotating shaft. The design of the blade 

1. Limited force is available with safe pressure levels ^^y^^ incapable of being adapted for the removal of 
to enable expansion of the stenosis; ^ stenosis without damaging the walls of a vessel The 

2. Current catheters do not provide for capture of ^^^^^^ ^j^^ teaches a system for removing cut tissue 
plaque debris that may slough during the expansion 30 r^.^^ ^ vacuum. 

process; . „ Finally, U.S. Pat. No. 3,749,083 discloses a vascular 

3. In nonconcentric lesions, the expandmg balloon ti3sue.scraping device consisting of a number of heli- 
stretches the compliMt vewelwdl.^^^ ^^^^^ terminated at various points by 
ing the force which is needed to affect the plaqi^^ ^^^^^ .^^^ ^^^^^^^ in a direction which 

The use of a laser to clear " would tend to unwind the spiral, the wires could easily 

with appropriate fluid management manifolds in order 60 dwwmg rt away from the stenosis. 

to inject dye, suck out debris and smoke, and inject DISCLOSURE OF INVENTION 

saline for visualization. Additional coherently aligned v . -.r .w, ie tn r^mnw 

^ers are provided to actually view the obstruction The pnmaiy object of this invention is to remove 

Su^al^n actual intraluminal operation of this plaque and other obstructions 

device in a clinically relevant circumstance remains to 65 by safely passing a differoitial cuttmg ~1 the 

b^ demonstrated. A calculation of the amount of heat organ through an accessible porhon of the anatomy. 

required to vapbrize obstructions reveals a dangerously which cutUng tool can contiollably remove ataormal 

high expenditure of calories, which, even with surface deposits without damage to normal tasue structure. 
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It is another object of this invention to provide a FIG. 3 is a schematic diagram Ulustrating the discrim- 
rotationally driven cutting tool which wiU prefcren- inatory cutting action of a properly pitched cutting tool 
tiallv abrade hard or caldfied deposits while not signifi- wherein soft normal Ussue is relaUvely undamaged, 
cantly abrading normal endothelial lining. FIG. .4 is a schematic diagram i lustratog the discnm- 

It is another object of this invention to provide within 5 hiatory cutting action of a properly pitched cutting tool 
a guiding dieath or protective sheath or rotatable.drive wherein hard abnonnal deposite (plaque or other hard 
shaft a means for injecting radiopaque fluid or other mineral deposit) is abraded as shown, 
media to delineate the obstruction. FIG. 5 schematically illustrates a rot^t'O"*^"/. <l"yf » 

It is another object of this invention to provide within cutting tool with fluid apertures connected to a flexible 
the guiding sheath or drive shaft housing or drive shaft 10 drive shaft. ... , , » «„. 

unit a chamiel which will permit evacuation of abraded HG. 6 is a cross-sectional view taken along the line 
olague debris or measurement of blood pressure. S— 5 of FIG. 4. 

-niese and other objects of the invention are provided FIG. 7 illustrates the cutting tod is use durmg an 
by a system for removing abnormal, relatively hard intraluminal plaque removal operation, 
deposits from a relatively soft tissue by a cutting tool IS MODE FOR CARRYING OUT THE 

utilizing differential cutting. The cutting tool is of a INVENTION 
generally ellipsoidal configuration and it has a plurality ^ , . r . 

of cutting flutes extending along iu outer surface. Each One embodiment of a practical system for passmg a 
cutting flute has an elongated cutting face facing in the high-rotational-speed cutting tool into a vessel to rc^ 
direction of rotation so that as the cutting tool rotates, 20 move abnormal deposits is illustrated m FIG. 1. The 
the cutting edges formed by the cutting faces cut into cutting tool 1 is mounted at the end of a flexible drive 
the relatively hard deposits. However, the angle of the shaft which transmits torque from a torque-generating 
cutting face with the circumference of the tool is se- device 4, such as an electnc or pneumatic motor. The 
lected so that the tool does not cut into the relatively drive shaft 2 is surrounded for most of its length by a 
soft vessel. Other factors, such as the number of cutting 25 guiding catheter. In order to provide a low-friction 
flutes and the convexity of the cutting faces, affects the passage of rotational motion, the outer surface of dnve 
hardness^iffeicntial cutting properties of the cutting shaft 2 and the mner surface of guiding cathet^ 3 ne«d 
tool. The cutting tool is mounted at the end of a flexible to be of compatibly slick materials Guidmg catheters 
drive staft which is enclosed for most of its length by a are commercially avattable for balloon angioplasty 
STcatiteter. The guiding catheter is initially in- 30 which have an inner ining of teflon that hi« been found 
fertS ta^ tfTvessel frSm a point outside the patient's io be excellent for this apphcation as well Asilh^^^^^^ 
body. The cutting tool and drive shaft are then inserted in FIG. 5, the outer surface of the dnve 2 «?«^ 
Sgh fl»rg«i<Ung catheter to the abnonnal deposit. consist of an overcoat of teflon or an actual cyhndncal 
The cIrtttaK tool is tiien rotated through the drive shaft tube which compression-fits to an inner steel hehx 20, 
^^rSS^^Zfl^h as aS electric motor, 35 thereby providing a fluid-tight, fle«ble dnve shaft ^.U. 
preferably operating at at least 2000 revolutions per good rotational ^trength. An mner linmg of p^^^^ 
n^ute L Mdct to remove particles of the deposit ing 21 may also be provided to improve the crush rcsis- 
SedV£cu^n|Tool!the cutting tool may con- tance of the helical steel coil. A steel helix of approxi- 
SSjoTc^llunicati^gwithanextenialsuction mately O.OS inch has been f"«ff 
device through a channel fonned in the drive shaft. The 40 high rotational speeds (greater A^n 25.0OT rpi^ in a 
fluid port may be at the nose of the cutting tool in order controllable fashion and with ""f ^ani^al secun^ 
to remove blood and debris forward of the cutting tool. It is important that particles fonned by the cutting 
S«JS' SflJd ports my also extend from in front tool 1 be removed from the body so that they are not 
S^pSiv^ed^ Of the cutting flutes into a center carried along by the blood flowing fh^-gh the v^^^ 
border to at least partially counteract the cen- 45 As explained in greater detai heremafter, the cutting 
Sfo^ofSebStethesefluid ports, theports tool 1 preferably includes fluid ports to remove part. 
Svla inferential component extending from the cles. Thus ft is miportant that the '^^^^f'^^^^^^^''^ 
S^tymthedirectionofiototionsothatrototionof the so that particl^entramed blood can flow from thecu^ 
Stting tool has a tendency to force blood inwardly ting tool 1. These flu.d passages can also b^ used to 
fh^nfh thl Borte. Manaeonent of deposit debris is 50 inject fluid, such as a radiopaque media, into the vessd. 
fSf eSanffby uK cu^g flSS which ex- Consequently, it is important to seal the hollow interior 
Sr^aTaTas well as ctacumfe^dally in a spiral of the drive shaft until it is connected to ^ s"=t °n or 
conflSon so that rotation of the cutting tool forces injection device. Accordmgly. the dnve shaft 2 extends 
blood^amar^y tato the fluid ports. A variety of ex- through the torque generator 4 and terminates m a fluid 
S fluTmanaglraent stnictures may be used to re- 55 manifold S. A seal 8 prevents fluid leakage from the 
rv^bbodlddStuallymonitoritsappeanmce. ■ manifold 5 while aUowing the f - s^f ^^J.^^^^ 
or iniect fluids (such a^ radiopaque dye) into the vessel The fluid manifold 5 comraumcates with a conventiona^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

60 monitoring a pressure gauge 9. With valve 10 closed, 
FIG 1 is a schematic diagram illustratmg a drive the pressure gauge 9 can also be used to monitor blood 
moto?for cuttSiTcS wLh is mterposed ^tween a pre«ur. When the »V«=ti«n fev'ce 6 ^^^^^ «s^ to 

flexible insertion catheter. 
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manifold 5 through injection port 23. This fluid then trolled progress in opening of the obstruction is possi- 
flows into the drive shaft 2 and out of ports in the cut- ble. 

ting tool 1. Insofar as blood is also capable of flowing Cutting tool 1 has been configured in a generally 
through the guiding catheter 3, the end of theguiding elliptical shape which enables controlled insertion into a 
catheter 3 is sealed at 7 as it terminates at the torque 5 stenosed vessel 15. The nose 28 is polished to avoid 
generator 4. unwanted snagging of the nose of the tool when negoti- 

An alternative embodiment illustrated in FIG. 2 posi- ating anatomical curves. Various sizes have been fabri- . 
tions the fluid manifold 5 between the torque generator cated in accordance with the vessel size and severity of 
4 and the cutting tool 1. In this embodiment, the guiding the stenosis. In general* the range of useful diameters is 
catheter 3 terminates in an auxiUary manifold 31 which 10 from 1.0 to 3.5 mm. The extent of the nose polishing is 
communicates with a conventional suction device 24 determined by the particular vessel to be cleaned; for 
when valve 22c is open. The auxiliary manifold 31 al- example, for a severe stenosis, a useful choice for the 
lows fluid to be removed or added through the guiding polished nose diameter is 0.5 mm with six cutting flutes 
catheter 3. The end of the guiding catheter 3 passes 1^ circumference of the cuttmg elhpse. The max- 
through a seal 13, whUe the drive shaft 2 extends 15 imum outside diameter would be 1.2 mm. Uic cant m^^^ 
through the auxiliary manifold 31 and out through seal ^0^1^^^ 100 degrees, and the length could be about 2.5 
j2 mm. In a typical procedure, it may be necessary to use 

The drive shaft 2 then extends through seal 8 into the °' *ree different tip/catheter units to bring a very 

fluid manifold 5 through seal 8, where it is connected to heavJy stenosed vessel up to a 3 mm .ns.de diameter. 
^, * * ATu^ A^*»^ »W«ft ^ 20 This IS easily facilitated once the guiding catheter 3 is 

he torque generator 4 The P°^^^^^^^^^ placed within the body. As explained above, the guid- 

mside the manifold 5 contams a number of rad«^ ports P P ^^^^^^^ 30 which pro- 

26 which aUow fluid comm^^^^^^^^ hoi- ^.^^ subsequent insertion and withdrawal of sev- 

low mtenor of the dnve shaft 2 and the mamfo d 5. The ^^^j instruments during the course of a procedure with- 
shaft 2 contmns a blockage downrtr^ from ^5 out the difiicult task of rethreading the particular 

26 so that flmd flowing through the dnve shaft 2 flows ^^^^^ cardiovascular network. The guiding 

only through the ports 26. , , ^ „ catheter is inserted transmurally through an accessible 

As with the fluid manifold 5 of FIG. 1, the fluid ^^^^^j ^^.^j^ connects with the stenotic lesion, 
manifold 5 of FIG. 2 is connected to a suction device 6 apparent from FIG. 7 that the cutting tool 1 must 

through valves 22a and 10, thereby allowmg fluid to 3^ j^^^^ ^j^^ property of cutting through the stenosis 16 
collect in fluid trap 31. The flmd manifold 5 of FIG. 2 ^vithout significantly cutting or abrading the internal 
may also include the injection port 23 and valve 22b of ^^jjg ^ggg^i 15 yj^jg ^ particularly critical be- 

FIG. 1. And, of course, the embodiment of FIG. 1 ^he cutting flutes 14 of the cutting tool 1 contact 

could utilize the auxiliary manifold 30 of FIG. 2 posi- ^^jj ygggei 15 with the same force that they 

tioned in front of the torque generator 4. 35 contact the stenosis 16. This problem is solved by the 

As illustrated in FIG. 7, the cutting tool 1 and guiding principle of hardness differential cutting by which the 
catheter 3 are inserted into a vessel 15 containing a cutting tool 1 eadly cuts relatively hard material, such 
stenosis 16. The torque-generating unit 4 may be either calcific plaque, but does not cut relatively soft mate- 
electric or compressed-air powered. Studies to date ^al, such as the vessel 15. 

have used electrically powered units. When using a 40 jhe physics of differential cutting is explained with 
steel(metal)-reinforced drive shaft 2, there can be a the aid of FIGS. 3 and 4. In FIG. 3, a cuttmg blade 14 
shock hazard to the patient would could be more easily having a cutting face 18 is moving from ri^t to left 
avoided with the use of an air-powered unit 4. In order over the surface of soft and preferably wet tissue 16. 
to eliminate shock hazard with the electrically powered xhe cutting blade 14 is touching the soft tissue 16 and is 
unit 4, the catheter drive shaft 2 should be electrically 45 deflecting it from its unperturbed state. Because the soft 
isolated with respect to the electric motor and the flexi- tissue 16 has a relatively low value of shear modulus of 
ble drive shaft 2. Shock hazard is especially worrisome elastic stiffness^ it undergoes marked deformation in the 
when working in the coronary arteries since currents as region proximate to the tip of the cutting blade as a 
small as 100 microamps can cause fibrillation when result of the blade depression and the small amount of 
directly impressed on cardiac tissue. Other electrical 50 tangential frictional drag associated with relative mo- 
safeguards should be employed to prohibit the possibil- tion. Because of the compliance of the soft tissue 16, 
ity of electrical currents being conveyed via the metal large shear stresses cannot be supported within the 
reinforcing structure of the drive shaft. tissue matrix. Since large stresses are avoided in this 

It is important for controllable entry of the cutting configuration of blade/soft- tissue interface, the tissue 16 
tool 1 into an obstructive lesion that it be advanced 55 will not undergo compressive fracture and thus no abra- 
predictably. Thus, to facilitate such cutting tool ad- sion occurs. In contrast, FIG. 4 depicts the case of blade 
vance, the drive shaft 2 should be axially translatable passage over relatively rigid material 16', such as cal- 
with respect to the guiding catheter 3. Seals 7, 8 and 12, cific plaque. Again, the blade moves from right to left in 
therefore, need to slide axially as well as circumferen- the diagram. Because of the high value of shear modu- 
tially. In practice, it has been found that manual retrac- 60 lus of elastic stiffness, the rigid material 16' is unable to 
tion of the guiding catheter 3 results in well-controlled comport itself to reduce the peak values of tangental 
advance of the cutting tool 1 at the distal end. The tool pressure. Thus, instead of reshaping its local matrix and 
1 may be gently nudged into a stenosed area during slipping underneath the cutting blade, it is trapped in 
rotation and then retracted to permit evacuation of front of the blade, and large compressive stresses arise, 
residual debris and to reestablish local circulation be- 65 These stresses are large enough to cause compressive 
fore making another cutting cycle on the lesion. In fracture of the rigidified matter. As a reult, tiny frag- 
coniunction with fluoroscopic surveillance and injec- ments 17 of the rigid matter are expelled at the cuttmg 
tion of radiopaque dye through the cutting tool 1. con- edge of the blade 14 with resultant abrasion of the ngid 
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matter 16'. This method of differential cutting is central mal diameter of 3 mm, the centrifugal component of 
to this invention because it permits the cutting tool to be Huid pressurization is equal to atmospheric pressure at 
inserted into a vessel containing a stenosis (as shown in approximately 50,000 rpm. Thus, in clmcal use, this 
FIG. 7) with one side safely impacting upon the normal component of fluid pressure can be a distmct disadvan- 
intiraal lining of a vessel, while at the same time the 5 tage, depending on the tool speed. However, two fea- 
other side is forced onto the surface of the plaque with tures are incorporated to address the centrifugal force 
resultant cutting of the plaque. Because the forces are problem and enhance the fluid flow pattern m the proxi- 
relatively small, the amount of material removed with raal direction. These are integrated turbine pump action 
each passage of the blade is microscopically small. Op- and suction. There is a dual angular sweep in the fluid 
crating at high rotational speeds (greater than 25,000 10 port 15, as indicated in FIGS. 5 and 6. Since FIG. 6 
rpm) it is possible to quickly remove a millimeter of depicts the cutting tool as seen from the rear when the 
rigid matter without causing significant damage to the tool is rotated in the right-hand direction (clockwise as 
normal endothelium. Such a system has been tested at a seen from the rear), the fluid is pushed into the center 
rotaUonal speed of 27,000 rpm conveyed through a cavity 40 of the tool 1 because of the circumferential 
commercial, teflon-lined, flexible, cardiovascular guid- 15 component of the fluid ports 15. At the same time, be- 
ing catheter The catheter was able to withstand the cause the fluid ports 15 have a rearward or longitudinal 
torque transmission without any detectable heating or component, the fluid is propelled rearwardly or proxi- 
Other difficulty. When the bit was placed against the mal. This transfer of momentum to the fluid system 
inner lining of the inventor's mouth, no discernible pain during rotation assures the blood pressure and the sue- 
or damage was detected during or after the application 20 tion in transporting blood and debris rearward and out 
at 27,000 rpm. The same tool bit was able to rapidly and of the body. Rearward movement of debris-entrained 
controUably abrade stiff material, such as a fingernail or blood is further enhanced by the spiral configuration of 
cadaver plaque. cutting flutes 14, which sweep the blood rearwardly 

In order to assure cutting differentiation, the neces- into the extending ports 15. Observation of transp^ent 
sary longitudinal and shear forces required to force the 25 reservoir 31 provides continuous surveillance of fluid 
soft, compliant material to dive beneath the cutting transport features. During cutting at high speeds, the 
edge (see FIO. 3) must be lower than those necessary to centrifugal pump action reduces the fluid pressure dif- 
create mechanical fracture. Several design parameters ferential, forcing debris inward so that it can be re- 
need to be considered in assuring the proper range of moved by suction through the hollow interior of the 
shear forces for safe operation. If the circumferential 30 drive shaft 2. In the event that the flutes^U of the cut- 
flute density (Le., the number of flutes per circumferen- ting tool 1 become clogged with debris, the cutting tool 
tial length) is too low in combination with a large cant 1 can be spun backwards at very high speeds m order to 
anele (a) of the cutting face 18, the blade can catch even reversethe turfjine effect and propel the dcbns out- 
on soft tissue and rapid abrasion is the result. If the wardly by centrifugal force. Suction would then con- 
cutting face of the blade 14 is heavily curved such that 35 tinue to be applied so that expelled debris would be 
the microscopic cant angle at the tissue interface is too evacuated by port 24. Providing constant asP>ration of 
larce the blade can again cause soft tissue abrasion. debris is normally considered desirable even though the 
Finally, the microscopic sharpness of the cutting edge particle size of debris can be much smaUer than a mj- 
can affect the ability of soft tissue to dive underneath cron when the cutting tool is spun at greater that 25,000 
the blade, as seen in FIG. 3. However, the sharpness of 40 rpm. Such small debris particles may not cause distal 
the blade, while affecting the hardness-differential cut- embolic complications. This is subject to further dc- 
ting properties, is of secondary importance since the tailed biological studies. 

cutting properties are principally controlled by cant As mentioned above, it is important to select a flute 
angle and flute density. The key, then, is to provide a density and cant angle which will cause the blade or 
Wade ^ving a flute density and cant angle selected to 45 flute 14 of the cutting tool to abrade the rMy ht^d 
abrade a relatively hard stenosis without abrading the stenosis yet not abrade^the ^^^^^^-^^ ^^^^ 
relativelv soft vessel vessel. Insofar as the edges of the flutes 14 move m a 

The cutting tool is illustrated in some detail in FIGS. circular path, the cant angle is the angle a of mtersec- 
5 and 6. The tool 1 is mounted on the drive shaft 2 tion of the cutting face 18 and the circumference. C at 
through a coupling sleeve 19 which provides fluid cou- 50 the point of contact therebetween. This angle is prefera- 
S LweenVhollow interior 40 of the tool 1 and bly about 110 degrees, although ^evjat^ns f^^^^^ 
ti.*^ Lllnw interior of the drive shaft 2. angle of at least 20 degrees are acceptable. Preferably, 

^pSTas^rmt^^^^^^^^^^^^ tip may be thi face 18 of the flute 14 ^as a slight concave 

accomplished through radial ports 15 or end port 24 curvature which affects the cant The angle a 

(see FIG. 5). End port 24 is important for collecting 55 between the l(»ding and trailing edges of the flute 14 
cutting debri when the catheter 3 is inserted upstream affects its durability^ Larger angles a make «l^e fluu 14 
from the lesion since the natural flow pattern takes the more durable, but they also adversely affect the pump- 
pSesdownstreamtotheport24.RLlialportsl5are ing action of the flutes 14. Thus, a balance must be 
useful as additional scavengers of debris and as an aid to reached between durab.hty and pumping action, 
kSng the cutting flute 14 clean. Either set of ports 60 Although the cuUmg tool 1 d'^-j'^^^f Je^^^^ 
15.M Ly be used for injecting dye or for sampling six flutes 14. it will be understood that the flute density 
bliodor for injecting chemicals which may be useful or number of flutes may vary as desired. A larger num- 
for^UolvinVMnboli her of flutes causes the cutting tool 1 to take shallower 

TT« MirmtorcuttinE tool 1 has a tendency to propel bites, thereby ensuring greater protection against cut- 
the^^doSSlSSlsTuctOCentriW^^ 65 ting soft vessel tissue while also tendmg to produc 
Ttofeatu«isutiB«dinthedesignofcentrifugainuid smaller particles of debr«. which have a h J, 
DwnDS but can work against the proximal transport of effect if they are not removed from the vessel. On the 
flS ft s i^enS. l^r acuttfag tool 1 with a maai- other hand, the smaller number of flutes 14 inherently 
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positions the flutes 14 farther apart from each other, rotary drive means connected to said drive shaft to 

thereby reducing the tendency of the cutting tool 1 to rotate said cutting tool in the direction that said 

become clogged with debris. In practice, the number of cutting face if facing. 

flutes 14 may depend upon the transverse diameter of 9. The system of claim 8 wherem said dnve shaft 
the cutting tool 1. Where the stenosis is removed with 5 contains a hollow channel and said cuttmg tool includes 

successively larger cutting tools, the number of flutes in at least one fluid port communicating with said channel, 

the took can be successively increased. . said system ftirther including a suction device commu- 

J nicating with said channel to draw blood and deposit 

1; A cutting tool for removing abnormal deposits, debris, forming debris entrained blood, into said fluid 
comprising a cylindrically symmetric body , having a 10 port and through said channel, 

center cavity and a nose , at least one cuttmg flute ex- 10. The system of claim 9 wherem said dnve shaft 

tendkg Lng the outer sWace of said body each cut. extends through said rotary dny^ means and tpnmnates 

ZsZchJins a circumferentially facing cutting face J ^^^^^ commumcates with.said suction 

formed thereon, and a radial fluid p^^^ irilie system of claim 10, further includmg a fluid 

m front of a respective face of a flute into said center communicating with said manifold for collecting 

cavity each port having a circumferential cornponent ^ ^ ^.^ris^entrained blood, 

extendmg mto.aid cavity away ^^^.^^^^^^^^^^ The system of claim 10, further including means 

whereby rotation of said cutting tool >^»thm a Wood selectively preventing said suction device from ap- 

ve^el about the major axis of said body has a tendency , i„ .^.^a^^^^ g^id fluid manifold and wherein said 

to force blood mwardly through said port iianifold further includes an injection port for inserting 

2. The cuttmg tool of clami 1, further mcludmg a nose .^^^ ^^^^^ ^j^^^^^j^ manifold, drive shaft 
fluid port extending along said major axis from the nose ^^g^^^. ^nd cutting tool fluid port. 

of said body to said center cavity. . y ^^^^ ^i^j^ 9 therein said drive shaft 

3. The cutting tool of claim 2 wherem each flute ^^^^^^^ through a fluid manifold into said rotary drive 
terminates before reaching said nose and said nose is ^ ^ ^ portion of said drive shaft within said fluid 
polished to a smooth finish, manifold includes a fluid port allowing fluid communi- 

4. The cutting tool of claim 2 wherein each radial ^^^j^^^ between said manifold and said hollow channel, 
fluid port has a component extending along said major ^j^^ gyg^^^, ^j^j^j further including a fluid 
axis in a direction away from said nose so that fluid 3^ ^^^p communicating with said manifold for collecting 
flows into said cavity away from said nose fluid port . debris^entramed blood. 

5. The cutting tool of claim 4 wherein each flute 15. The system of claim 9, further including an auxil- 
extends rearwardly and circumferentially away from j^^y flyjjj manifold through which said drive shaft 
said nose in a spiral configuration so that rotation of said passes, said auxiliary fluid manifold communicating 
cutting tool within a blood vessel has a tendency to 35 tjig interior of said catheter. 

force debris-entrained blood away from said nose and 15, jhe system of claim 15, further including a secoiid 

into said radial fluid port. suction device communicating with said auxiliary fluid 

6. The cuttmg tool of claim 1 wherein the angle be- manifold to remove blood from said catheter. 

tween the cutting face of each flute and the circumfer- 17, jhc system of claim 9 wherein said cutting tool 
ence around said body is between 90 and 130 degrees in 40 has a central cavity and said fluid port extends from in 

order to maximize the ability of said cutting tool to fxont of a respective edge of a cutting blade into said 

remove relatively hard substances without cutting rcla- center cavity, said port having a circumferential com- 

tively soft material. ponent extending into said cavity in the direction oppo- 

7. The cutting tool of claim 1 wherein each flute site the direction of rotation whereby rotation of said 
extends rearwardly and circumferentially from one end 45 cutting tool within a blood vessel about the major axis 
of said body to the other in a spiral configuration so that of said cutting tool has a tendency to force blood in- 
rotation of said cutting tool within a blood vessel in the wardly through said port. 

forward direction has a tendency to force blood along 18. The system of claim 17, furtiier including a nose 

the outer surface of said body. fluid port extending along said major axis from the nose 

8. A system for removing abnormal, relatively hard 50 of said tool to said center cavity. 

deposits from a relatively soft vessel, comprising: 19. The system of claim 18 wherein each blade tenm- 

a generally cylindrically symmetric cutting tool hav- nates before reaching said nose and said nose is polished 

ing a diameter that is smaller than the lumen of said to a smooth finish. 

vessel, said cutting tool having a nose and at least 20. The system of claim 18 wherein each fluid port 
one cutting blade extending along an outer surface 55 has a component extending along said major axis in a 
thereof, said at least one cutting blade being sub- direction away from said nose so that fluid flows mto 
stantially exposed, each cutting blade having a said cavity away from said nose fluid port, 
cutting face intersecting the other surface of said 21. The system of claim 20 wherein each blade ex- 
tool at an angle causing fracture of said relatively tends rearwardly and circumferentially away froni said 
hard deposits without cutting said relatively soft 60 nose in a spiral configuration so Oiat rotation of said 
y^^^^l cutting tool within a blood vessel has a tendency to 

a flexible drive shaft having one end comiected to force blood away from said nose and into sidd fluid port 

said cutting tool, said shaft having a length that is 22. The system of c^ami 9 wherem cutu^^ 

sufficient to reach from a point outside of a pa- has a central cavity and said fluui port exte^^^^ 
tienfs body through said vessel to said abnormal 65 nose of said cutting tool mto said cavity along the m«or 

deoosit- axis of said cutting tool. 

a flexible guiding catheter surrounding said drive 23. The system of claim 8 wherein the angle betwe^^^^ 

shaft LT^mosfof its length; and the cutting face of each flute and the circumference of 
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said cutting tool is between 90 and 130 degrees in order 
to maximize the ability of said cutting tool to remove 
said relatively hard deposits without cutting said rela- 
tively soft vessel. 

24. The system of claim 8 wherein each blade extends 
rearwardly and circumferentially from one end of said 
cutting tool toward the other in a spiral configuration so 
that rotation of said cutting tool within said blood vessel 
has a tendency to force blood along the outer surface of 
said cutting tool toward said drive shaft. 

25. The system of claim 8 wherein said rotary drive 
means rotates said cutting tool at at least 2000 rpm. 

26. A method of removing relatively hard, abnormal 
deposits from a relatively soft vessel, comprising: 

inserting a guiding catheter into said vessel from a 
point outside the body of a patient; 

inserting a cutting tool mounted on a flexible drive 
shaft into said guiding catheter and positioning said 
cutting tool adjacent said deposit, said cutting too] 
having at least one cutting blade extending along 
an outer surface thereof, each blade having a cut- 
ting face intersecting an outer surface of said tool at 
an angle causing said cutting face to abrade said 
abnormal deposits without cutting said relatively 
soft vessel; and 

rotating said drive shaft. 

27. The method of claim 26 wherein said drive shaft 
is rotated at a speed greater than 2000 rpm. 

28. The method of claim 26, further including the 
steps of successively withdrawing said drive shaft and 
cutting tool and reinserting a drive shaft having a cut* 
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ting tool of a successively larger diameter until a suffi- 
cient amount of said deposit has been removed. 

29. The method of claim 26 wherein said cutting tool 
has a least one fluid port and said drive shaft has a hol- 

S low channel communicating with said fluid port, said 
method further including the step of withdrawing blood 
and deposit debris through said fluid port and hollow 
channel. 

30. A cutting tool for removing relatively hard abnor- 
10 mal deposits positioned adjacent to relatively soft body 

tissues, comprising; 
a generally cylindrical symmetric body having at 
least one cutting blade projecting therefrom, said 
cutting blade being substantially exposed, and at- 

15 taching means at one' end thereof for securing said 
cutting tool to a rotating drive shaft, said cutting 
blade having a cutting face intersecting an outer 
surface of said body at an angle causing fracture of 
said abnormal deposits without cutting said body 

20 tissues at the frequency that said tool is adapted to 
rotate. 

31. The cutting tool of claim 30 wherein each cutting 
blade comprises a cutting blade extending circumferen- 
tially in a spiral configuration so that rotation of said 

25 cutting tool within a blood vessel has a tendency to 
force blood axially along said tool. 

32. The cutting tool of claim 30 wherein the angle , 
between the cutting face of each blade and the circum- 
ference around said body is between 90 and 130 degrees 

30 in order to maximize the ability of said cutting tool to 
remove said abnormal deposits without cutting said 
body tissues. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,445,509 Page 1 of 3 

DATED :May 1, 1984 

INVENTORiS) : David C. Auth 

It is ceaified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Title page, item [57): 

ABSTRACTi line 15, "cicumf erence" should read — circumference 



Column 




line 


31, 


"devide" should read — device — . 




Column 


1, 


line 


36, 


"limted" should read — limited — . 




Column 


2, 


line 


10, 


"Th" should read — The ~. 




Column 


2, 


line 


18, 


"slot," should read — slot* — • 




Column 


4, 


line 


12, 


"5-5" should read — 6-6 — , and 
"4" should read — 5 — . 




Colximn 


4, 


line 


13, 


"is" should read — in — • 




Colximn 


4, 


line 


30, 


"teflon" should read ~ TEFLON^ ~. 




Column 


4, 


line 


33, 


"teflon" should read — TEFLON — • 




Colxunn 


5, 


line 


34, 


"manifold 30" should read ~ manifold 


31 ~. 


Column 


5, 


line 


37, 


"vessel 15" should read — vessel 16 — • 


Column 


5, 


line 


38, 


"stenosis 16" should read — stenosis 


16' — 


Column 


6, 


line 


5, 


"vessel 15" should read — vessel 16 — 




Column 


6r 


lines 30 


and 35, "stenosis 16" should read 





stenosis 16* 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,445,509 Page 2 of 3 

DATED : May 1, 1984 

INVENTOR(S) : David C. Auth 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 6, lines 32, 34, and 39, "vessel 15" should read 

— vessel 16 — • 

Column 6, line 66, "reult" should read — result — . 

Colximn 7, line 15, "teflon-lined" should read — TEFLON-lined — . 

Column 8, lines 54 and 56, "a" should read — p — . 

Claim 1, line 4, "body" should read — body, — . 

Claim 8, line 9, "other" should read — outer — . 

Claim 8, line 10, "causing" should read — for causing — . 

Claim 8, line 22, "if" should read — is — . 

Claim 9, line 3, "one" should read — one radial — . 

Claim 15, line 1, "9" should read — 10 — • 

Claim 17, line 4, "center" should read 
Claim 18, line 3, "center" should read 



— central — . 

— central — . 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,445,509 Page 3 of 3 

DATED : May 1, 1984 

INVENTOR(S) : David C. Auth 

U is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Claim 23, line 2, "flute" should read — blade — . 

Claim 24, line 4, "said" should read — a — . 

Claim 26, line 11, "causing" should read — for causing . 

Claim 30, line 10, "causing" should bead ~ for pausing — 



Attest: 



Signed and Sealed this 
Thirtieth Day of November, 1993 



BRUCE LEHMAJS 

AXteStUtg Cfficcr Commissioner ef Pmtnts and Trademarks 
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